In the trade and environment debate, the relevance of intra-industry trade (IIT) cannot be overemphasized. However, an empirical analysis of the environmental implications of such trade is long overdue. Although a number of studies have largely found overall trade to be pro-environment, the consequences of IIT may di¤er due to lower adjustment costs, easier technology absorption, and a distinct composition e¤ect. In this light, we provide the …rst empirical investigation of IIT's impact on the environment. Apart from utilizing data on eight environmental indicators from roughly 200 countries over 2000-2005, we also attend to concerns over endogeneity by instrumenting for our trade and income variables. Across several sets of instruments, we consistently …nd (i) IIT to typically bene…t the environment, (ii) overall trade to be less pro-environment than IIT, and (iii) concerns over endogeneity to be relevant.
Introduction
be "more e¤ective for technology transfer because countries are more likely to absorb foreign technologies when their imports are from the same sectors as the products they produce and export." Again, this may encourage the use of less polluting production techniques. Third, intuitively, the composition e¤ect of trade is potentially sensitive to the extent of IIT. In other words, it seems plausible that changes in output mix across and within industries have di¤erent environmental consequences.
However, identi…cation of the causal e¤ect of IIT on the environment is not trivial due to the potential endogeneity of IIT attributable to two factors. First, unobservables such as environmental stringency and interest group in ‡uence are likely to be correlated with environmental quality as well as IIT. For instance, while theoretical studies such as Gürtzgen and Rauscher (2000) , Haupt (2000) , and Haupt (2006) …nd environmental regulation to alter the variety of goods traded, Cole and Elliott (2003) resort to empirics and conclude that IIT is in ‡uenced by environmental stringency. In addition, given the Pollution Haven Hypothesis, regulation is likely to impact foreign direct investment (e.g., Levinson "On the one hand, we ought to choose a rather re…ned product group in order to minimize IIT based on a classi…cation system that groups products with very di¤erent factor content ... On the other hand ... a too re…ned product level, which separates varieties, may lead to downward bias"in IIT. Moreover, as discussed below, countries may not report some of their detailed trade (e.g., Carrère and Grigoriou 2014) and data on imports and exports may be expressed di¤erently, i.e., cost, insurance, and freight (CIF) versus free on board (FOB). In fact, for a bounded measure of IIT, the error is likely to be nonclassical (e.g., Millimet 2011).
Before proceeding, it is worth noting that there exists a fairly sizeable literature analyzing the causal impact of overall trade intensity or openness on the environment. For instance, Frankel and Rose (2005) utilize cross-country data from 1990 and fail to uncover a harmful causal e¤ect of trade on outcomes such as concentrations of sulfur dioxide (SO 2 ) and particulate matter, carbon dioxide (CO 2 ) emissions, access to clean water, and deforestation rate. Similarly, Chintrakarn and Millimet (2006) also obtain evidence of a bene…cial causal e¤ect upon examining (U.S.) subnational data. However, they …nd factors such as the e¤ect's timing and the type of pollutant to be relevant. More recently, according to Managi et al. (2009) , the environmental implications of openness also vary across OECD and non-OECD countries. Further, McAusland and Millimet (2013) posit that international trade is likely to be more pro-environment than intranational trade. Apart from providing a theoretical model, the authors use data across U.S. states and Canadian provinces to identify a bene…cial (harmful) causal e¤ect of international (intranational) trade on the environment. In addition, a number of studies examine the environmental consequences of openness by focusing exclusively on outcomes such as energy usage (Cole 2006; Chintrakarn 2013 ) and deforestation rate (Tsurumi and Managi 2014) . Now, most of these studies typically control for income and treat both trade intensity and income as endogenous. 3 Accordingly, as discussed below, we consider IIT as well as openness and income to be endogenous. implications of trade liberalization in a model of monopolistic competition. However, to our knowledge, the impact of IIT on environmental quality is yet to be empirically analyzed. 4 In this light, we contribute to the trade and environment debate by providing the …rst empirical study to examine the environmental implications of IIT. For our purpose, we utilize data on eight indicators of environmental quality from roughly 200 countries over the period [2000] [2001] [2002] [2003] [2004] [2005] . Further, due to the potential endogeneity of the trade and income variables, we resort to a Generalized Method of Moments (GMM) approach and instrument for them. Using eight sets of instruments, we arrive at striking results. First, IIT is typically pro-environment. Second, in comparison to overall trade, IIT has a more favorable e¤ect on the environment. Again, this is plausible due to lower adjustment costs and easier technology absorption in case of IIT. Third, while the concerns over endogeneity are relevant, our results are fairly consistent across the instrument sets.
The rest of the paper is organized as follows. Section 2 describes the empirical methodology. Section 3 discusses the data. Section 4 presents the results, while Section 5 concludes. 3 Frankel and Rose (2005) and Chintrakarn and Millimet (2006) discuss the endogeneity of openness and per capita income succinctly. 4 That said, McAusland and Millimet (2013) use data across U.S. states and Canadian provinces and note that IIT is the dominant form of trade between industrialized nations. Also, while examining the impact of trade on the environment, Aralas and Hoehn (2010) control for the number of …rms (or varities) per square kilometer.
Empirical Methodology
To examine the e¤ect of IIT on the environment, we begin with a speci…cation motivated by Frankel and Rose (2005) and Chintrakarn and Millimet (2006) . Thus, the estimating equation is given by
where i indicates country, t denotes year, Z is a measure of environmental quality, T RADE represents trade intensity or openness, IIT captures trade that is intra-industry, Y denotes gross domestic product (GDP), P OP represents population, and S is a vector of observable attributes. 5 S includes (log) per capita land area as a measure of population density, a polity score, and year-speci…c dummies. The unobservables are denoted by " and consist of all remaining factors a¤ecting environmental quality. While we are unable to include country …xed e¤ects due to insu¢ cient variation in the data, we anyway resort to an instrumental variables (IV) approach. Also, the …xed e¤ects would not address endogeneity arising due to measurement error and time-varying unobservables such as environmental policy and political attributes.
As discussed above, trade intensity, IIT, and GDP per capita are likely to be endogenous. Accordingly, we adopt a GMM approach and instrument for these variables. In keeping with the existing literature, to derive some of the instruments we begin by estimating a gravity model of trade given by
Here, M ijt is the (real) value of imports of country i from country j in year t, W ijt is a vector of observable attributes, it and jt are country-by-time …xed e¤ects controlling for multilateral resistance (Anderson and van Wincoop 2003) , and u ijt is an error term. 6;7 The following covariates are included in W : (log) distance between i and j, a binary indicator assuming the value unity if i and j are contiguous, a dummy variable taking the value one if i and j share a common language, a binary variable denoting whether i and j have ever been in a colonial relationship, an indicator for a country-pair having a common colonizer, and a binary variable depicting current colonial relationship between i and j in year t. 8 Following Santos Silva and Tenreyro (2006) and Henderson and Millimet (2008) , the gravity model is estimated in levels using a Poisson pseudo-maximum likelihood estimator. For any country-year combination, the predicted values of bilateral trade are then aggregated across trading partners to obtain predicted trade intensity which is used as one of the instruments. 5 The speci…cation is reminiscent of the environmental Kuznets curve (e.g., Millimet et al. 2003; Copeland and Taylor 2004 ). 6 The country-by-time dummies also control for country-speci…c factors that vary over time but not across trading partners. 7 As discussed below, all real values are in 2005 dollars. 8 See Anderson (2011) and Head and Mayer (2014) for a review of the gravity model.
Similarly, in order to arrive at predicted values of IIT, the …rst-stage is obtained from
where BIIT ijt denotes the extent of bilateral IIT between countries i and j during t and R ijt and ijt are its observable and unobservable determinants, respectively. Although Greenaway et al. (1999, p. 365 ) contend that the "empirical literature on intra-industry trade ... has failed to throw up a wholly conclusive set of determinants"of IIT, our choice of variables in R is motivated by studies such as Hummels and Levinsohn (1995), Bergstrand and Egger (2006) , and Cabral et al. (2013) . For instance, we include the minimum and maximum of (log) real GDPs of i and j in R to control for relative size. Similarly, (log) absolute value of the di¤erence in real GDP per capita of i and j, (log) absolute di¤erence in real capital-to-labor ratios, and (log) absolute di¤erence in land areas per capita are also included to capture di¤erences in endowments.
In addition, R also consists of the trade cost variables in W above and time-speci…c dummies. Again, for any country in a year, the predicted values of bilateral IIT are averaged across partner countries to arrive at predicted IIT which is used as one of the instruments. Here, we employ a weighted average. In order to obtain country i's predicted IIT in a year, each predicted bilateral IIT value involving i is weighted by the sum of i's corresponding (predicted) bilateral imports and exports relative to the sum of i's (predicted) overall imports and exports. 9 Next, the …rst-stage equations for GDP per capita and GDP per capita squared are speci…ed as the following:
where Q is comprised of predicted trade intensity, predicted IIT, the attributes included in S above, and variables such as the percent of working-age population or the age dependency ratio, the growth rate of population, the investment share of GDP, and some squared and interaction terms (discussed below); and represent the unobervables. Apart from predicted IIT, the exclusion restrictions in Q are mostly in consonance with inquiries such as Frankel and Rose (2005) and Chintrakarn and Millimet (2006) .
Additionally, age dependency ratio is likely to a¤ect GDP via productivity (e.g., Lin and Liscow 2013).
Data
The data are obtained from a number of sources. First, the information on environmental indicators come from the Quality of Government Institute's Quality of Government Dataset as well as the World Bank's 9 The weights are normalized to sum to one.
World Development Indicators where the former contains data from sources such as the Environmental Performance Index (Esty et al. 2008 ). In addition, some of the information on environmental performance are obtained from the Socioeconomic Data and Applications Center (Smith et al. 2011 ) and Gapminder
World. 10 Second, the data on population density, polity score, GDP per capita, age dependency ratio, population growth, and investment come primarily from the World Development Indicators and the Quality of Government Dataset which in turn rely on sources such as the Polity IV Project (Marshall et al. 2011 ). Moreover, the Penn World Table (Feenstra et al. 2013 ) is also consulted. Third, the data on gravity regressors are obtained from CEPII. 11 Finally, all of the trade data come from the United Nations Commodity Trade Database (UN Comtrade). 12 Using the data, trade intensity or openness of country i in period t is de…ned as
where Grubel-Lloyd index for country i during t is obtained as
where k indexes industries. 13 Similarly, the degree of bilateral IIT between countries i and j in t is constructed as
1 0 See http://www.gapminder.org/data/. 1 1 See http://www.cepii.fr/CEPII/en/bdd_modele/presentation.asp?id=8. Note that the distance measure is populationweighted and the common language indicator is de…ned with respect to o¢ cial language. 1 2 The data sources were accessed in August 2014. 1 3 In (7), the triangle inequality implies that P
However, for some observations,
Accordingly, the second terms in the numerator and denominator are replaced 
Thus, again, the second terms in the numerator and denominator are replaced by max P First, particulate matter refers to suspended particulates less than 10 microns in diameter (i.e., PM10).
Second, access to improved water source denotes the percentage of (total and rural) population using improved drinking water sources. Third, the de…nition of deforestation rate follows from Tsurumi and
Managi (2014) and is given by the di¤erence between lagged and current forest area relative to lagged forest area. Fourth, age dependency ratio is the number of people older than 64 per 100 individuals between 15 and 64. Fifth, the combined polity score ranges from -10 to 10 (i.e., from strongly autocratic to strongly democratic).
Before turning to the main results, the …rst-stage estimates merit some attention. The estimates displayed in Table 2 pertain to the gravity equation in (2) and are broadly consistent with the existing literature on the determinants of bilateral trade. 20 Next, Table 3 reports the estimates corresponding to the determinants of bilateral IIT in (3). 21 Here, given the dependent variable, the coe¢ cient estimates are not counterintuitive. For example, in keeping with existing studies such as Kandogan (2003) focus on the EU and the U.S., respectively, along with their major trading partners. The results in Table   3 should also be viewed in light of the fact that some of the coe¢ cient estimates are likely to di¤er across 
Results

Trade Intensity
Prior to discussing the relationship between IIT and the environment, in Table 4 , we revisit the impact of trade intensity on the environment without controlling for the degree of IIT. 22 This is a useful staring point given the existing literature on trade and the environment. Apart from estimating an Ordinary Least
Squares (OLS) model, due to concerns over endogeneity of trade intensity, GDP per capita, and GDP per capita squared, we resort to eight sets of instruments referred to as IV Set #1, IV Set #2, ..., IV Set #8
in Table 4 . As discussed in Murray (2006, p. 118), obtaining "similar results from alternative instruments enhances the credibility of instrumental variable estimates." All the sets include predicted trade intensity as well as age dependency ratio as instruments. Moreover, the …rst two sets include only one instrument in addition to predicted trade intensity and age dependency ratio thereby yielding exactly identi…ed models.
Thus, IV Set #1 and IV Set #2 also include investment share of GDP and population growth, respectively.
The remaining sets consist of four instruments each and lead to overidenti…ed models. IV Set #3, IV Set #4, and IV Set #5 are obtained after adding population growth, age dependency ratio squared, and the interaction between investment share of GDP and age dependency ratio, respectively, to IV Set #1. Upon adding age dependency ratio squared, population growth squared, and the interaction between population growth and age dependency, to IV Set #2, we arrive at IV Set #6, IV Set #7, and IV Set #8, respectively.
In Panels A and B, the dependent variables are (log) emissions of CO 2 and SO 2 , respectively. While the emissions, the instruments in IV Set #1 and IV Set #5 are relatively weak. Moreover, Hansen's J-test supports the validity of our instruments across a number of overidenti…ed models. However, the validity of the exclusion restrictions is sometimes rejected. This is especially true in case of CO 2 emissions and rural water access. Also, the exogeneity of trade intensity, per capita income, and per capita income squared is typically rejected at conventional levels of signi…cance except particularly in some cases pertaining to SO 2 emissions. In addition, the Anderson and Rubin (1949) test (robust to weak instruments) always con…rms the endogenous regressors to be jointly signi…cant at the p < 0:01 level of con…dence.
Focusing on SO 2 emissions, the estimates obtained using GMM are similar to the OLS estimate. In all cases where our instruments pass the speci…cation tests, a one percent increase in trade intensity for the average country reduces emissions by about 0.35%. 23 However, the estimates are quite imprecise. In case of CO 2 emissions, the GMM estimates that are statistically signi…cant at conventional levels of signi…cance are again similar to the OLS estimate. Moreover, the estimates pertaining to CO 2 are substantially smaller (in absolute value) than the corresponding estimates for SO 2 . In fact, focusing on instruments that pass the speci…cation tests, the coe¢ cient estimate pertaining to IV Set #2 is statistically insigni…cant and thus, consistent with the …ndings in Frankel and Rose (2005) . Nonetheless, two of the instrument sets …nd trade intensity to signi…cantly reduce CO 2 emissions. For example, from IV Set #5, a one percent increase in openness reduces emissions by roughly 0.13%.
Similarly, the results pertaining to PM10 concentrations and energy usage indicate that trade bene…ts the environment. Also, all the coe¢ cient estimates are signi…cant at the p < 0:01 level of con…dence. In case of PM10, the IV estimates are often slightly larger (in absolute value) than the estimate obtained under exogeneity. While the OLS estimate suggests a one percent increase in trade intensity to be associated with a reduction of about 0.07% in concentration levels, the IV results report a causal e¤ect of nearly 0.1% reduction. Also, for favorable IV speci…cation tests, a similar change in trade intensity reduces energy usage by up to 1.6%. Interestingly, the corresponding OLS estimate suggests a reduction of less than 1%.
Next, the remaining results in Table 4 also paint a pro-environment picture of trade. With respect to improved water access, the coe¢ cient estimates are positive, statistically signi…cant, and often larger for rural population. Moreover, in Panels E and F, the estimates obtained using GMM are at times nearly twice as large as the corresponding OLS estimates. Similarly, openness has a favorable impact on the percentage of land area under forest cover. Across all instances of credible instruments, the IV estimates are statistically signi…cant and typically at least as large as the OLS estimate. While trade intensity also signi…cantly discourages the rate of deforestation, the GMM and OLS estimates are markedly similar. 2 3 The average value is obtained from Table 1 .
IIT and Trade Intensity
The environmental impacts of IIT and trade intensity are displayed in Table 5 . Here, we treat IIT, trade intensity, GDP per capita, and GDP per capita squared as endogenous. As in the case of Table 4 , for each dependent variable, we report the OLS results followed by the GMM estimates pertaining to eight sets of instruments. Across Tables 4 and 5 , each instrument set consists of the same variables except the inclusion of predicted Grubel-Lloyd index in all sets of Table 5 . Thus, while IV Set #1 and IV Set #2 continue to depict exactly identi…ed systems, the models corresponding to IV Set #3, IV Set #4, ..., IV Set #8 are overidenti…ed.
Focusing on the OLS estimates, it is interesting to note that both IIT and openness are associated with improved environmental quality as measured by reduced SO 2 and CO 2 emissions, energy usage, and PM10
concentrations. In fact, the trade variables are also associated with improved water access and greater forest area. Moreover, most of the coe¢ cient estimates are signi…cant at conventional levels of signi…cance.
Interestingly, unlike trade intensity, IIT is associated with increased deforestation rate. However, the corresponding estimate is statistically insigni…cant. Nonetheless, across all dependent variables, IIT, trade intensity, per capita income, and per capita income squared are jointly signi…cant at the p < 0:01 level.
Again, instead of discussing the potentially biased OLS estimates in greater detail, we turn to the GMM results in Table 5 .
Here, the IV speci…cation tests mostly continue to lend credibility to our estimates and suggest that the concerns over endogeneity are warranted. With respect to SO 2 , IIT is evidenced to signi…cantly reduce emissions across all our models. A one percent change in the Grubel-Lloyd index reduces average SO 2 emissions by up to 6.8%. 24 While the IV estimates are similar across the instrument sets, they are larger (in magnitude) than the OLS e¤ect. For a similar change in IIT, our OLS estimate suggests a reduction of less than 0.25%. However, across all instrument sets, the e¤ect of trade intensity on SO 2 emissions is not signi…cant. While we witnessed such statistical insigni…cance in Panel A of Table 4 , here, the coe¢ cient estimates have the opposite sign.
In the case of CO 2 emissions, we again …nd IIT to signi…cantly bene…t the environment. More precisely, a one percent change in IIT reduces CO 2 emissions by at least 5.9%. Strikingly, the estimates pertaining to openness are often positive and statistically signi…cant. In fact, a one percent change in trade intensity increases CO 2 emissions by up to 0.4%. Thus, after accounting for the role of IIT, overall trade intensity is witnessed to have an adverse environmental impact.
The IV results corresponding to PM10 and energy usage continue to …nd IIT to improve environmental 2 4 Again, the average value comes from Table 1. quality. The point estimates are statistically signi…cant at the p < 0:01 level as well. Focusing on estimates that pass the IV speci…cation tests, a one percent change in the index of IIT reduces PM10 concentration (energy usage) by up to about 2% (6.5%). Contrarily, trade intensity is evidenced to signi…cantly encourage PM10 concentration. While overall trade discourages energy usage, the statistically signi…cant GMM estimates corresponding to openness are considerably smaller (in magnitude) than those pertaining to IIT.
Hence, as with respect to CO 2 emissions, IIT is again indicated to have a more favorable impact on the environment than overall trade.
Similarly, in Panels E and F, IIT improves water access across all speci…cations. The estimates mostly pass the IV speci…cation tests and are signi…cant at the p < 0:01 level of con…dence. However, the e¤ect of trade intensity is often insigni…cant especially with respect to the percentage of total population.
Among the signi…cant estimates, openness is evidenced to adversely impact access to water (Panel F).
Additionally, based on the coe¢ cient estimates pertaining to forest area and deforestation rate, IIT is again con…rmed to be more pro-environment than overall trade. While both the trade variables appear to encourage environmental quality as measured by forest area and deforestation rate, the estimates are statistically signi…cant only in case of IIT. Moreover, in case of forest area, the estimates pertaining to IIT are substantially greater than the e¤ects of overall trade.
Summarizing, while we …nd the concerns over endogeneity to be relevant, our GMM results are largely consistent across the sets of instruments. In speci…cations where we omit IIT, overall trade intensity typically improves environmental quality. This is consistent with the existing evidence in the trade and environment debate. However, after accounting for the role of IIT, we often fail to uncover a bene…cial e¤ect of overall trade. In fact, for some indicators, openness is found to have a detrimental e¤ect on the environment. On the contrary, IIT is typically characterized by a positive impact on the environment.
Also, whenever both the trade measures are suggested to favor the environment, the bene…cial e¤ect of IIT is witnessed to be greater. Thus, strikingly, we …nd IIT to be more pro-environment than overall trade.
Conclusion
According to Copeland (2005, concerns over endogeneity of the trade and income variables, we resort to a GMM approach and rely on eight sets of instruments. In speci…cations where we omit IIT, overall trade intensity is typically found to bene…t the environment. Strikingly, after accounting for the role of IIT, we often fail to uncover a bene…cial e¤ect of overall trade. In fact, for some indicators, openness is evidenced to harm the environment. Contrarily, the impact of IIT on the environment is typically favorable. Also, whenever both the trade measures appear to improve environmental quality, IIT is characterized by a more bene…cial impact. Thus, IIT is witnessed to be more pro-environment than overall trade. Interestingly, although the concerns over endogeneity are found to be relevant, our results are consistent across all the sets of instruments. OLS IV Set #1 IV Set #2 IV Set #3 IV Set #4 IV Set #5 IV Set #6 IV Set #7 IV Set #8 Table 5 . Impact of Trade Intensity and Intra-Industry Trade on Environmental Quality. OLS IV Set #1 IV Set #2 IV Set #3 IV Set #4 IV Set #5 IV Set #6 IV Set #7 IV Set #8 
